A series of small-angle X-ray scattering photographs with mo- The results can be interpreted from points of view of the formation of the GP zones parallel to {lOa} planes ab initio, the effect of the inter-particle interference on scattering of X-rays, and the growth of the GP zones with the ageing. Guinier radius of the GP zones at each stage can be obtained from intensity change along [110], and the values are reasonably consistent with those obtained from the cross section of the streak. The presence of multi-layer zones, besides the one-layer ones, is suggested from the humps found on several intensity curves along
INTRODUCTION
(3) - (5) .
GP zones have been widely studied , Slnce they were found in AI-Cu alloys by Guinier(l) and preston (2) as clusters of solute atoms coherent to the matrix.
X-ray methods have been frequently adopted in these studies to investigate structures of GP zones and precipites and their relation to age-hardening process of the alloy. Structures of GP zones were revealed mainly by means of measurement of intensity of X-ray diffuse scattering besides recent lattice-image method of TEM. determined average diameter of GP zones from SAXS intensity ditribution of the streak measured in its cross-section. Although there are not many reports on the scattering in the extreme vicinity of the origin of reciprocal space, as Naudon et al!13), (14) pointed out, Toman (15) found, using CuKa radiation, remarkable increase in intensity in the region below 2°of scattering angle, but Gerold (16) the maximum to be due to spinodal decomposition of the alloy. Rioja and Laughlin(17) studied electron diffraction from the alloy aged for more than 5hr at room temperature and found satellite spots near the reciprocal lattice points. They interpreted it to be due to modulation of solute concentration caused by spinodal decomposition.
In the measurement of anisotropic SAXS intensity such as in the case of AI-Cu alloy, point-focussing collimation and two-dimensional observation are indispensible to survey the whole aspect of the scattering. It is also necessary to depress background intensity for studying initial ageing process. In this paper, results obtained from photographic measurements of the SAXS intensity using a point-focussing monochromater are reported.
EXPERIMENTAL PROCEDURES
Plates of single crystal, 0.5 mm thick and 5 mm wide, were made from AI-4mass%Cu Alloy (nominal composition) by strain-annealing
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Fractional resistivity change of poly crystalline Al-4mass%Cu alloy quenched from 823K on ageing at 313K. Spherical GP zones were expected to form by this heat treatment.
Because of the~aturation of blackening of the film, several photographs were taken with various exposure times and the intensity curves were jointed together to obtain the whole profile by superposing the curves in the region where 0 was between 0.1 and 0.2. In the counter method, RIGAKU SAXS apparatus was used with an NaI(Tl) scintillation detecter and a PHA adjusted to CuKa radiation. More than 1000 counts were accumulated at each angle.
Resistivity of a polycrystalline specimen made of the same AI-4mass%Cu alloy as was used in SAXS experiment was measured during ageing after the same heat treatment.
In Fig.1 the resistivity change is shown and the stages at which SAXS measurement was made are indicated by arrows. 
Comparison between the present photographic measurement (0) and counter measurements. In the counter measurements, the beam was monochromated (~) or filtered with Ni foil (0), and in addition to the filter for the incident beam, the scattered radiation was again filtered with eu foil (~) or Ni foil (A) just in front of the counter. Cu alloy, fluorescence from Cu atoms in the specimen must be expected and therefore monochromatization is essential in this study.
Range of the SAXS intensity from the AI-Cu alloy was relatively narrow, 0 being between 0.03 and 1.0 in all photographs (between 300
and 1000 for the value in Fig.2 ).
SAXS intensity measurement
Photo 1 is similar to that in Fig.4 .
DISCUSSION
Intensity distribution and its evolution during ageing, shown in Scattering intensity of all zones can be written as 3N 3N Let us denote by pxx(r), PXy(r) and pxz(r) the distribution function of the centre of the second zone parallel to (100), (010) and (001) respectively when the centre of the first zone parallel to (100) is at the origin. pyx(r), ... , pzz(r) represent similarly.
Generally, relations P (r)=P (r), P (r)=P (r) and P (r)=P (r) xy yx yz zy zx xz hold and six functions are then independent.
NOw, we assume that the same content in practically observable region as the reverse sign of inter-particle interference function given by Gerold(22) . This function pIs) is nearly equal to N at s=O, and decreases drastically with s at first. As s increases further, pIs) becomes less than 1 in most cases, depending on the distribution function P(r). Value of pIs) then decreases gradually with s and finally approaches to 0 near around s~l/rO' r O being the distance at which P(r) approaches to 1.
SUbstituting this function in Eg. (2) gives 
-2 I (s) =N{F (s) +F (s) +F (s) }. {l+p (s)}
Intensity distribution in the [11m direction is given by Eg. (5) with $=rr/4, approximately as
Difference between 3NF (0) 2exp (_41T 2 S 2 R 2 /6) and F(S) 2+F(Sj 2+F(Sj 2, x Y z i.e., the difference between the curves d and e in Fig.5(a) is a few percent in the observable range of s.
If p(s) is known, scattering intensity can be calculated by Eqs.
(6) and (7), but no report on the spacial distribution of GP zones are found at present. Inverse calculation of p(s) and then P(r) from experimentally obtained scattering intensity could be carried out,
but it is practically difficult because size distribution of the zones is unknown and because intensity values at extremely small s cannot be measured. changes considerably in the region, as is seen in Figs.3 and 4 . This may be due partly to increasing departure of the Ewald sphere from (2nd and is shown in Table 1 column) . [010] calculated from Eqs. (5) and (4) for several values of s, neglecting inter-particle interference, i.e., assuming p(s)=O. For a certain value, intensity takes maximum in the <100> direction and minimum in the <110> direction. In the present model, pIs) is assumed to have spherical symmetry, and then similar angular variation may be expected for the case p(s)~O. Experimental result described in Chapter 3 that intensity variation along the ring takes the maximum value in the <100> direction can be thus understood qualitatively.
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GUlnler ra lUS, R G , correspon - Table 1 Guinier radii obtained fr0fr ing to the average radius of zone intensities along &110], R G and from streak, R G .
disks is obtained using Eq. (7) In order to obtain R~, intensity distribution in the transverse cross-section of the streak at a certain s value (0.6 nm-1 <s<0. Fig.3(f)a) . This tendency is seen also from 3.6ks ageing.
Comparing Egs. (6) and (7), it is found that -1 The behaviour expected is shown in the curves f and g in Fig.5(a) . Profile of the curve c in Fig.3 can be explained qualitatively by considering together the largely s-dependent scattering from multi-layer zones, scattering from one-layer zones and interference effect at small s. Therefore, other complex zones than one-layer ones are believed to be formed from the beginning of ageing, but their volume fraction may be small as estimated from the behaviour of curve c in Fig.3 .
In Fig.3 , the maximum of the curve c lies at larger value of s than the maximum of the curves a and b. This suggests that the assumption for the distribution function of zones to be isotropic is invalid at least between the zones whose planes are parallel each other and that they distribute more closely in the plane normal 
